/;// .
«u"ﬂ/b/»

:J L// idﬂfbu/ )/,v./‘/wﬁ’u’ s z,v(/d uVﬂdW

18

./
sad oo P AT IS A MY poal 1

http://lib.uok.ac.ir:8080
ol e w 7
}U?j/ﬂ / C’(L’//'I D13t (57900 J/ /3 f ;l;cj,o 19792009 )
!w{fu@u/y’/)w}/ég}//;t{t«'jb{a&) fztu“J{uJL{J

R



http://lib.uok.ac.ir:8080/




’U‘m}/»../r



Oliwd 57 olLMs

(SN0 0UL(S
(S 3 ©)yu8) Gy (owiiieo

JreS Gl @ (o Aty ool ] (ol )l aoliybly
HEIPWS

31 ool L AC (S0 p 3 4 3 ) 30 U195 agwd Sgu
Sibre SCwlyd

RAag

EWIYPREVC

(oo (y sl
Sage e 55O

19lio Sl
i Old g5

1641 oo



Gt gtige 0y S

UFS S Gt gtige €5 A2 o2 S wBOLY

Wys
Sl SAStts Sl aslied LAC glegjr K335 33 D1 poted 5ot

Ry

Sy dars

) oy 4 -—d"?a-‘ PIST T PRI Y YO PONOREISE SWYL - "”’Y%ﬁ »
wk oy A gl gl Olyyls Sla

shal s e S Loaly sty

Jesia s S PYILORYR |

S Sl Sy S I gl sy

Sl L e S G gl sl ¥

035 pe sladl g e s




sh G A Slayasn 4 e ol ) 5 e spem LS Lol g sl L b,
poI5 Q&allﬂjgd‘_w\h@}uj‘o)@.«‘&&%}adjr@.nﬂé&\eﬂk | PP LN A
53 015 GHE ST 2810 L Ol 5 g S o o0l 3 ool 4S8 3 ezl 55 0lej 53 1) Ol il
O 03 015 el #1953 03 55 o0 0 gnimn (il S S ol sen Sl Sl 5 eSd
orlin g pode S |z el S5 53 352 g0 Sl o e SIS ST A g sl
oS 5 e 4 S 4 Ll Sl 55 ol (a4 355 0 1Ll g e T Ole 3 O
Ssbe GOMLE & ate Ll 5 Gl p T S8 izman

3 2255 n st 0l 53 OT (6 pyd 87 SRl 5 a8 5 Shas 2 g Sl s O 5 g
S p oS ol (SGSS (B J ST ) el ok S5 iS5 A 5 e ik 18T el
b s gn o3l g 5 il 3 (B3I S 5,8 o 518 eoliel 3550 03 28 Oy ot O g
4 oS g mlie G 53 1) 53T 5 1 O 5 b Lol 3 o e I Sl SsLite 5Lde s
e oS A5 i 53 0yl b nlita ) gboty 5571 01 8T Jlom 3 ol e ST s
ia ot o sl (g B il 5 L il 3 sl s ST 018 gl 30— o
25t

S5l (5 g 41 Sl (§ 098 IR gy Sl eslital e €5 515 53 15 G53 okl S

s o) SNty S5 S0 558 Ol 5 JES sl (g il 5 e il 5o
3l o3l (015 nlin ged g S ol Slap 3 Olsie & (S 5lome $SKaliys (slaaile- l o3lizu
et 03 Jsems (SIS s 3 Shes 3 5 Cgr malin g5 S (S5lee Sl s (glaail>
eial 5 dast ulaal s g5 (6 keen peilihoal a1 o3litul U sl oo ol 53wl Ol 5
ail Jloel b o 0355 00 55515 5 5551 O 55 e 35000 o 50 457 3 50 0 Ol b i) sl (s &
G ool 5 bt il 53 S5l (65l il 4l 0y S Ol e 4 (6 5lome J S
S Jolt gilmn I 587 il s o S5 5551 5 ST 01 gl 5355 00 Ol Lo 55 500
255 h O 5 e 2 5 o 3m e S8 ol b oS sl 5By SO
Sl Sl 5T O Fe01 5 e (31 IS el Il (S5 10 319 Al



PO TP U TP TPRTPRON dodie —\-)

Y OT Jom oy b yre 5 aliwe Ol —Y-)

N T P TTTITIN b oLl sl Y-

S .t DL S GRS il 1P90 b
VSRR (W . L odie —\ Y

iy f S MM N Oy J s Y-y
pw F O AW W 551015 e =) Y=Y

A\ f §F & W W A 5515 05 e =Y Y=Y

170, (S, U, DY . . . Q. A f SN, P Sk —V-Y
1A.... D W W V.. .. o Ol oaged § (M J 55 ipgw b
1A....... AU A NER R .. Ny dadie —\ Y
YA N R Sojy s J xS -Y-¥
Y4 e SRR O oo ANRURRNRE B 0. 270 R e

| SOOI R B e s J S Y -Y-Y

T ) s T L e

T e 5l ald J 28 vy
T e 8l J sy



YV i, °v\:5“;i.@jcu‘){@:ﬁﬁuj)ﬁ\)ég.ﬁ‘dj&{w—‘—f'—\“

YA X » R W e -\ -Y —F-¥
LSRR X K R zeslie i -Y -Y —F-¥

| OO Z =R+ jX wildpel s ¥ Y —F-¥
e Ol 5 s —0O-F
P ST, Sl GlaeSaly s —F-¥
LA TR & + G e g Sl A s Gloen (gun ol -\ =Y
TE e N . T Goloms ol en o o —Y-F-Y
agwne  F F Gl 09 S gl 55 Y-
¥O ... NN S B o N . TR .. Sloms pildsal —F—F-¥
sy 1 ' B ‘o H BN 4N Sk paz —V-Y

VA oo, PRI . RIS, S . . . fiSneaeny - asdie —V-F
A O S Slop o 4SS 35 Jbe -Y-F
A S Sr e o sl 65 Al glad Jue -V -Y-F
BY e TS Oy J a8 Sl glad Ja -V -1 -Y-F

O ot 5y J a8 Sl glad Jue Y-V -Y-F

S e Ob o J iS5 Sl glas Jde —¥-1-Y-F

BV e Ky S S 5l 5 s # LC s Jute —F-\-Y-F

FA Sl 5 oS Jke —0-V-Y-F

B by sul dan oS 5 Jde —F-V-Y-F



............................................................... S - las Jde -Y-Y-F

.................................................................. b Sl glab Je —Y-Y-F
................................................................... Sy y ol e -F-Y-¥
............................................................................. o5y palie BT —¥-F
.................................................................................... 4§ yos 4SS —F-F
..................................................................... E Jde 45,0 Jials —0-F
......................................................................... Siloes uildoel Jdo —#-¥
...................................................................................... T -v-¥
.................................. S lrdands L6 9 (SOlghiny (I 9y i
.......................................................................................... dedie — V-0
.................................................. Sern (BIAS oy 55 0l 5 pegped —¥-0
....................... il il SLSS Jlie 4 53 55 B J 28 ol b —)-Y-0
......... il azsls Al azsls S slite e 4G 53 53 1 J 28 ol o —Y-Y-0
............... 5l ilibol dil Jlacl b (Jgame (31 J 287 o553 015 s YD
.................................. V sl 53 (Gils ol g Cuaglin Hldie yuis —V-Y-0
.................................. Y sl 55 gl Cal § Coaglie ldie ,ois —Y-Y-0
.................................. Ol e 352 S SJloes ilbinl (1 b —F-F-0
................. il sl SLSS lde a5 55 B J 28 ol s —)-F-Y-0
................ Al axils Jslite e ab 53 55 1 J xS Col s —Y-F-Y-0
.......... S5l 0SSl el b Jsame (31U ST 555 53 015 g —F-0
.......................................... s et i Sl (65 S J 287 oy, —)-F-0



JN (P dsl sl SLSS ldie 4 g3 55 (B J 287 ol o —Y-F-0

J N dsl adls bt ldie a3 3 51 J S Cul b Y-F-0

Qe e S iy alee 5 L1500
A Sk paz =0

L O0lgiln 9 (8 o domail iy b
3 . ... g v oo TR TTTTTTTTTT dndis —\-F
A S S Y S . I S St —Y-F
U e O e A P P, i Slslgiiy, —¥-F
A0...... SUEY. S SRR . . . ANE— . SIS b g x>



B I S 4e8

LT cwtﬁ.qj:)@ﬁ)uiitﬂ@;,:,dw@y@L«;:\-\ Jsb
B et Sloee $Saly s gadl Jlas! 5 adyl J 287 ksl V=Y IS0
sl 5 eilal gl Sl eslinl b OT J 287 0t 5 5500 & 7 Hles b =) (K
B rerereriresnsnnrenereenssesenesesauERUUNUNRNRRN ... ... 31
B J S (D 1 oW st Sl b 5yl e laDG (gl 5l aaii V=Y KD
LI AP eee—— V-Q @l Jzs (o) f-P
O s S o o JPPOR PPN AW i [
pmw £ 4 FERPON S E PP A 2 i
vy ... S AR N O o w5 J RS gy skl iFF SO
vr ... SR Y. . SR Sy y o o5 e dlades J 287 ksl E-F IS
Yo ... SHNE. I SERE: . SRS .. g aile &G Calgig b e Jube 10-F ICH
vA ... S N L R N W, sl g DG J AP
YF ... N N N, . 7. Siles 09 S 5155 S sl V=T
YD ........ AEREET A NN . S Gilos pildaal dl Jles! sl A-Y S
Y8 e 0. b a Joate 5l 53 (Giles uildal ail> Jles! A=Y S0
AT, oy, T sl st Sy Hltle Y=g S
B e, Sty 6 6o 8 IS o (glh Joke ol Sl o5l oY -4 I
AR - .ol o P s - S
Y s DG iyl ol Sls oS o 1t-¢ JCo
BT e Olg J s i0-¢ S
B0 oottt FETR gt A [
L SRS 0L J a8 i¥-¢ IS
A ettt o 2B s 68 IS Uslan tA-E S
OV 1ttt s PPLSERC VA PR, B 0 )



OV ittt (e 05 polie Cab 1) Y-E IO
OA i ol 031> 45 o 28l 0w 03y polie Cab 1Y€ IO
DY ottt S ln uilal sl DV F-E D
SY e J‘oﬁwﬁb):&kﬂ‘\foﬂ‘ﬁ@jc&j}&jb‘\:ﬁ:‘-oJ::l

X i QL&.&'&‘%FJJM&Q\JJ&{JJ)L}:Z{‘Q‘}SW:Y-ob‘m
P e OLSS (Bl b 5 Jsame (B ST 355 L 585 Ol 5 s 10 S
4 VTR a B NN e 4 0i 4SS Ul Hle 1E-0 IO

£ TR Soslize Bl b 5 (Jyene (SIS s b 581 Oy s 1020 S
5 evennnnnnoff Sosline (Bl s b 5 (Jgern (BIAST Gy b 5 015 s 1120 JCD
FA coron. .Y, SRSSENEY. SRS . . ol (55les uilial s Hlisla iY-0 5
$9 ..... SO - Y Sossl Solme S glie i Sl o3s polie Cad Ol is A-0 IS
Ve ... S SR £ V 55l Gl Cal ok Gl a0y palae Cab Ol i R-0 IS
VY ... JEE. - \‘;)ﬁléjlquuﬁuﬁm;sL;Ul@,jwﬁ_,u,.d_:b@\m;;;\.-oJ;:.
VY ... SN SRS Y sl 65bs Gl i Sl5la 039 palie b Ol is 1Y1-0 (IS
vy .. R T R Y 5 e il gy 0l S5 STl 1) Y0 S
A OLSS (B o b 5) b (§3lomn uilial oo b 5871 Ol g5 s 110 JSCH
VE . OLSS (Bl 2 5 ) b (Gilomn uilibal 0o b 58715 01 5 g 21820 IS
VO s OLSS (Bl g8 5 Y5 ) 4l (gl uilubial 0o L 58T Ol 5 oges 110-0 S

v;...auiiduft%,,:}r,\%,usjww\%\ﬁupﬁsbwwm-op
Ve Sslie (Bl o LY 51 4l (5lmn uildal oot b 55871 015 oged 110 S0

W Sslise (512 LY 5 ) 4l (ilane il oot b oS 015 ged H1ASO. JSC

VA o ook s ey 1 (63 Sas S8 55 s b obs, 114-0 KO
A Gle Sudldsl last 09 Y a-U (godd o35 a5 e talS J.u«bféwbﬁ Ne-0 IS5
AV e R R R e R =
A s L;jb«li;;)'\@\‘?l;«g'c.ﬁg:ff-od&z
AF e, oS J S b 5 S Jslasb sl Q1 5G11 54 ,ls 503 (¥TF-0 K&



AF oo, oS J =S b 5l dey sl b sl Q1 5G1T 54 15 5a3 :¥E-0 Kb

AD v, oS Y 1S b ) S pss 4l (sl QLE 5611 4 4l 505 :¥0-0 KO
AF i, oS J S (b Sl s 4t sl Q1L 5G1T 5 g 415505 VT-0 JCG
AY . SLSS (B sl 5 (S lomn 0SS il Jlaelly 5571 Ol 55 g 1YY-0 JCH
AV s QLSS (Bl 5 (6 jloms oS d ST ail Jlaslly 58715 Ol 55 s (TA-0 IS
M i oSS bl S a3 4l gl QLE 5G11 5y Jlssai iFR-0 SO
A L;,‘L?ua.x;;fdjzfajbdu.c\}ojmd:é!;,ﬂij,ép}:;f\ol}:w,;:ﬂ-oJ.(;‘a

e G5l oS =S il sl 5 Sslite By b b 5T 015 e V-0 JICY



B J9u Cuw yed

VO v B IS e (Gloes Luilbsl adl b 1 J 1S gy awlie V=Y Jous
TY cecrerrirnnrnsnsneessee s s FVER R GG WS- P I i [
Y o BBt SEE R R Jsl ottt -4 Jous
[TV Sl — e S (Sl el ¥4 Jou>
OF vevreene. T T AR Jbs bbs gl melyl polie =€ Jous



docdo oo J..as
dordo —1-)
53 &8, RIS Lol (31 O mas (Bile L Lis mlas 53 5 Cats 0]y !
ol pl el aalpe (i Do Glant e )3 3 g 50 ST 3 gde tmen 5 G LS
Lyl 55 TS 5, a5 @ 3L 5 55 4l g (bl DS L oy 8 (oS0
5SS 1S (gla 38 Ll O e Joses S (Gla 3 gdes 355 o b S5
o) 5 b 5 (RESY) 530 o (lacs 3 i1 31 oalisad 1) el Lis sla 5387 ol sla 1SS
e s i Ll 8 8 13 (ol e 350 STl (55 W S (DGT)oS
S S (o ol B 1y 8 SaaSl Hlsla 5 S i 59 (sabe) a3 0S|y 5
3594 G p S 4 0kST A gle s adibida sl a5 L oS S US e )
IV s e GUSCe 5 o il e 5 A8 = e a8 5 se T 0
Gy s Gl 4t 0S|y S 5 gl ssdm L &S Lol (G bl S,
(s (93 Sl 5 Bl pdiitas (651 b Juld WIS 0 Sl p s b 05 e

S s 2SI Silgnl 5 pdd 257 slasl g5l jlee 3 S\ s FeSuWy g 4 Gl

I Renewable energy system
2 Distributed generation

3. Microgrid

4. Photovoltaic



3l 55s S s (65 o Silwaz LSS (sl et Blass bl o)
3ot 5 Il 3 ¢l b 5 b (Ul ke e 5 (6551 Sl D (Sl g
23 it 6551 e it ar pa plisl ol (oabie o oly 4 Sy s
R 5 ST el ) el 5 ome Lk 15 g0 Sy ol 35 50 G S
St Ol bl St 4 e 5 'l Sl 53 535 Shes b ol jenny (S35
Y] A0 o Rl 31 oS’ a5 B3 51, G

Sl syl SRlial e B SUL CkST 6l oS 5 6551 O el 201531
Sl R n (S dT 5 o Glacst s s pidome ¢ ames S 5 (sladb s Ol
S Olie 4 8 ol Sy ool S e 4Kt 3 Sl s Sy a5 5 )
ok (ST 20 )L Ol e ar Ll 5 o 5 LS (or Jar S5 (R )3 Jie (Sodipb J 2SS
@m}.\{\,&?&u,,a”&ljgp;;nguuowéﬁ;\i@-s&@\gﬂ)sbu
ol o w8155 35w on Goms ¢ ol (G405 il 5 Oliabol Sk s st 4 8
Sl oles V=) S 55 [¥] 55 il Olicabol bl 5 Sy G el ol 31 a5
Wl o 0313 2 oSy A5 mbie 5 4K 55 oSl 5 5 5 JUaS

Camnd LS o )8 ol ;&,.ﬂeii,;o};;”}:u;*gwo,,@&uw);
S 515 6343 T o l e 3L p o ey @ cals pb 5 5y 4T 05 S 55155 OB
e Sl ol (gl 58 03 0T 3 (i (G551 (U S 53 355 r s
e 33 45 (o8 S o Caglie o O o g b e o 3 S
LS o Cnglin Sy ST ek Jolie 53 Sl w2l (61o1s &S 5555 T 0 3 5m gy st
Olpar 254 B 15 5L Ol 5 ud 5 015 Ol ol pde 550 —iir 551 oS L
S el | (el 55y S S0 G 4K S 3 S LT S s
g0 e baSii 5y 55 dS o Canslie il 3 i ol 53 5 358 o0 wilS 3 Dbl g
(sl e (5115 L 5 (o ol D e (58 S35 SN o\,;umum}aujfw
P03 S ol a5 e mle g ol Cnle w4 5 L Ol (S

I 1slanded
2. Grid connected
3. Conventional power system



g oKl Jazl S iy S Sl

e.m,_',\:Jj;}&;ﬁﬂ\é\?,@j}dw&;;\@u:\—\ Jss

o gty Sy gl o yd I s pl 53 4 315 (oS Canglie SlaLackl
31553338 (o 7 e 05 385 g 5 oS5 (1l SUS i cslo p o L )
S )3 5555 s 53 03 o Dl o o p il (p e 53 (o ] RS
[O] b or 2o e 55 83 6)1L

S ool 31 (A gl er 8 ¢ gone S8 Glagtn 53 K05 ogn (sl bl 1 S
ol st Al o 05 S sl 55 ] 2 (S S Sl 5 (SO
IS gl 1S5 Sl 358 oa kS (Gla gt 53 Gl S5 Dbl DS e
Sl 5155 aSal & a5 b eSS 555 3 w53 (SHILLE o sa L5 e O
Lis gl (oS e I3 L5 ol e B s (I 5 05 S
Gt )3 (S13 S gty 47 peplie 51 Ol o (a5 33 Slas 550 5 S0
o3l e 525 93 (38 o i 5 ke 5 (6L 5 w30 5 L5 3525 o8
Sz 53 o3 30 5m 5 2lmn s o 2 008 i S B 5 G i3 S
(815 [A] 52 2 AT5L
Of Jo (593 (P20 9 o Oy -T-)

S e S (5l (S IT iz 5 (51 e I3 w2 IS wns i 5
3550 e duT o 3 g gty hed (Slalst o Sl oslinal 5 ol s 5 3 b 51 a8 0T
S S ladauly b g a5 eaS, W cm.xla;);@g; oy
S sme daly ) b S 8 a5 J ST A el oy S ke 4 DS
Gk ) edST Galge b pdidndas @55 Ay mlie IS 0LSl o5 8 dal
el Sty s Oliabl ollB 5 (5 iy Oollanil o go Db 0S5 2SI sla Lol
b s 4 Oy ls Sy SN gladaaly Sl 5 J xS oS Bl gl Sa s
5 bl Sl 3l 338 e i Wl e Lt o g 3 Shee (dipd

v



Ololguiw -F-1
Sl s ST Sl ¢l slaslgin « iass opl 5l Jmol il Sl 2o
Ll 5 i T o Fege oS IS 0 01 Kims
il (3o O3l dil (g5l (ol il ASle (GSlrns $Salys sladil> Lol @
S el Sk 5 015 g 350 (gm0 2 3 08 5 (Sl (5o 2]
Q‘J:M“J’MJLSJL?U°~'\'~SJ,25 Ll S sl iy ple jleslaal e

6)‘}:.4w‘dﬁ‘)})@)\ﬁ.&&6‘j&£d,’5&)})|03@‘ L]

a¥



ASlo 9 zxl

[1] Saeed, M.H., Fangzong, W., Kalwar, B.A. and Igbal, S., 2021. A review on
microgrids’ challenges & perspectives. IEEE Access, 9, pp.166502-166517.

[2] Cagnano, A., De Tuglie, E. and Mancarella, P., 2020. Microgrids: Overview and
guidelines for practical implementations and operation. Applied Energy, 258,
p.114039.

[3] Bevrani, H., Francois, B. and Ise, T., 2017. Microgrid dynamics and control. John
Wiley & Sons.

[4] Han, H., Hou, X., Yang, J., Wu, J., Su, M. and Guerrero, J.M., 2015. Review of
power sharing control strategies for islanding operation of AC microgrids. IEEE
Transactions on Smart Grid, 7(1), pp.200-215.

[5] Bevrani, H., Ise, T. and Miura, Y., 2014. Virtual synchronous generators: A
survey and new perspectives. International Journal of Electrical Power &
Energy Systems, 54, pp.244-254.

[6] Kreishan, M.Z. and Zobaa, A.F., 2021. Optimal allocation and operation of droop-
controlled islanded microgrids: A review. energies, 14(15), p.4653.

[7] Bidram, A. and Davoudi, A., 2012. Hierarchical structure of microgrids control
system. IEEE Transactions on Smart Grid, 3(4), pp.1963-1976.

[8] Unamuno, E., Paniagua, J. and Barrena, J.A., 2019. Unified virtual inertia for AC
and DC microgrids: And the role of interlinking converters. IEEE
Electrification Magazine, 7(4), pp.56-68.

[9] Baruwa, M. and Fazeli, M., 2020. Impact of virtual synchronous machines on
low-frequency oscillations in power systems. IEEE Transactions on Power
Systems, 36(3), pp.1934-1946.

[10] Tayab, U.B., Roslan, M.A.B., Hwai, L.J. and Kashif, M., 2017. A review of
droop control techniques for microgrid. Renewable and Sustainable Energy
Reviews, 76, pp.717-727.

[11] Dou, C., Zhang, Z., Yue, D. and Song, M., 2017. Improved droop control based
on virtual impedance and virtual power source in low-voltage microgrid. IET
Generation, Transmission & Distribution, 11(4), pp.1046-1054.

[12] Felisberto, K.D.R., de Godoy, P.T., Marujo, D., de Almeida, A.B. and de Barros
Iscuissati, R., 2022. Trends in microgrid droop control and the power sharing
problem. Journal of Control, Automation and Electrical Systems, 33(3), pp.719-
732.

[13] Tayab, U.B., Roslan, M.A.B., Hwai, L.J. and Kashif, M., 2017. A review of
droop control techniques for microgrid. Renewable and Sustainable Energy
Reviews, 76, pp.717-727.

[14] Vasquez, J.C., Mastromauro, R.A., Guerrero, J.M. and Liserre, M., 2009. Voltage
support provided by a droop-controlled multifunctional inverter. IEEE
Transactions on Industrial Electronics, 56(11), pp.4510-4519.

[15] Oureilidis, K.O. and Demoulias, C.S., 2016. A decentralized impedance-based
adaptive droop method for power loss reduction in a converter-dominated
islanded microgrid. Sustainable Energy, Grids and Networks, 5, pp.39-49.

a0



[16] Mohamed, Y.A.R.I. and El-Saadany, E.F., 2008. Adaptive decentralized droop
controller to preserve power sharing stability of paralleled inverters in
distributed generation microgrids. IEEE  Transactions on Power
Electronics, 23(6), pp.2806-2816.

[17] Yang, S.Y., Zhang, C.W., Zhang, X., Cao, R.X. and Shen, W.X., 2006, May.
Study on the control strategy for parallel operation of inverters based on
adaptive droop method. In 2006 1ST IEEE Conference on Industrial Electronics
and Applications (pp. 1-5). IEEE.

[18] Zhong, Q.C., 2011. Robust droop controller for accurate proportional load
sharing among inverters operated in parallel. IEEE Transactions on industrial
Electronics, 60(4), pp.1281-1290.

[19] Yao, T., Jiang, Y. and Ayyanar, R., 2014, October. Single phase DQ frame
Glover McFarlane H infinity robust droop controller design. In IECON 2014-
40th Annual Conference of the IEEE Industrial Electronics Society (pp. 4988-
4994). IEEE.

[20] Eskandari, M., Li, L., Moradi, M.H., Siano, P. and Blaabjerg, F., 2019. Active
power sharing and frequency restoration in an autonomous networked
microgrid. IEEE Transactions on Power Systems, 34(6), pp.4706-4717.

[21] Bhatt, N., Sondhi, R. and Arora, S., 2022. Droop control strategies for microgrid:
A review. Advances in Renewable Energy and Electric Vehicles: Select
Proceedings of AREEV 2020, pp.149-162.

[22] Li, Y.W. and Kao, C.N., 2009. An accurate power control strategy for power-
electronics-interfaced distributed generation units operating in a low-voltage
multibus microgrid. IEEE Transactions on Power Electronics, 24(12), pp.2977-
2988.

[23] He, J. and Li, Y.W., 2011. Analysis, design, and implementation of virtual
impedance for power electronics interfaced distributed generation. IEEE
Transactions on industry Applications, 47(6), pp.2525-2538.

[24] Wu, X., Shen, C. and Iravani, R., 2016. Feasible range and optimal value of the
virtual impedance for droop-based control of microgrids. IEEE Transactions on
Smart Grid, 8(3), pp.1242-1251.

[25] Morales-Paredes, H.K., Rodrigues, D.T., Burgos-Mellado, C. and Bonaldo, J.P.,
2022. Enhanced control strategy based on virtual impedance loops to achieve
the sharing of imbalance and harmonic in 3-phase 4-wire isolated
microgrids. IEEE Transactions on Power Delivery, 37(4), pp.3412-3415.

[26] Guerrero, J.M., De Vicuna, L.G., Matas, J., Castilla, M. and Miret, J., 2005.
Output impedance design of parallel-connected UPS inverters with wireless
load-sharing control. IEEE Transactions on industrial electronics, 52(4),
pp.1126-1135.

[27] Sun, Y., Hou, X,, Yang, J., Han, H., Su, M. and Guerrero, J.M., 2017. New
perspectives on droop control in AC microgrid. IEEE Transactions on Industrial
Electronics, 64(7), pp.5741-5745.

[28] Zandi, F., Fani, B., Sadeghkhani, I. and Orakzadeh, A., 2018. Adaptive complex
virtual impedance control scheme for accurate reactive power sharing of
inverter interfaced autonomous microgrids. IET Generation, Transmission &
Distribution, 12(22), pp.6021-6032.

[29] Dou, C., Zhang, Z., Yue, D. and Song, M., 2017. Improved droop control based
on virtual impedance and virtual power source in low-voltage microgrid. IET
Generation, Transmission & Distribution, 11(4), pp.1046-1054.

hY4



[30] Vijay, A.S., Parth, N., Doolla, S. and Chandorkar, M.C., 2021. An adaptive
virtual impedance control for improving power sharing among inverters in
islanded AC microgrids. IEEE Transactions on Smart Grid, 12(4), pp.2991-
3003.

[31] Sabzevari, K., Karimi, S., Khosravi, F. and Abdi, H., 2019. Modified droop
control for improving adaptive virtual impedance strategy for parallel
distributed generation units in islanded microgrids. International Transactions
on Electrical Energy Systems, 29(1), p.e2689.

[32] Pham, M.D. and Lee, H.H., 2020. Effective coordinated virtual impedance
control for accurate power sharing in islanded microgrid. IEEE Transactions on
Industrial Electronics, 68(3), pp.2279-2288.

[33] Rahman, M.S., Orchi, T., Saha, S. and Haque, M.E., 2020. Cooperative
multiagent based distributed power sharing strategy in low-voltage
microgrids. IEEE transactions on industry applications, 56(4), pp.3285-3296.

[34] Ahmed, M., Meegahapola, L., Vahidnia, A. and Datta, M., 2021. Adaptive virtual
impedance controller for parallel and radial microgrids with varying X/R
ratios. IEEE Transactions on Sustainable Energy, 13(2), pp.830-843.

[35] Buraimoh, E., Aluko, A.O., Oni, O.E. and Davidson, I.E., 2022. Decentralized
Virtual Impedance-Conventional Droop Control for Power Sharing for Inverter-
Based Distributed Energy Resources of a Microgrid. Energies, 15(12), p.4439.

[36] Deng, F., Petucco, A., Mattavelli, P. and Zhang, X., 2022. An enhanced current
sharing strategy for islanded ac microgrids based on adaptive virtual impedance
regulation. International Journal of Electrical Power & Energy Systems, 134,
p.107402.

[37] Fan, B., Li, Q., Wang, W., Yao, G., Ma, H., Zeng, X. and Guerrero, J.M., 2021.
A novel droop control strategy of reactive power sharing based on adaptive
virtual impedance in microgrids. IEEE Transactions on Industrial
Electronics, 69(11), pp.11335-11347.

[38] Panteli, M. and Kirschen, D.S., 2015. Situation awareness in power systems:
Theory, challenges and applications. Electric Power Systems Research, 122,
pp.140-151.

LaaSis sy 5 Aiadgn (6laaSis . VFAY) ST13 5500 ¢y g odald demes (Ol 03 657, 5 [¥4]

S el g oKl

[40] Pogaku, N., Prodanovic, M. and Green, T.C., 2007. Modeling, analysis and
testing of autonomous operation of an inverter-based microgrid. IEEE
Transactions on power electronics, 22(2), pp.613-625.

[41] Naderi, M., Shafiee, Q., Bevrani, H. and Blaabjerg, F., 2020. Low-frequency
small-signal modeling of interconnected AC microgrids. IEEE Transactions on
Power Systems, 36(4), pp.2786-2797.

[42] Nikolakakos, I.P., Zeineldin, H.H., EI-Moursi, M.S. and Kirtley, J.L., 2017.
Reduced-order model for inter-inverter oscillations in islanded droop-controlled
microgrids. IEEE Transactions on Smart Grid, 9(5), pp.4953-4963.

[43] Naderi, M., Khayat, Y., Shafiee, Q., Dragicevic, T., Bevrani, H. and Blaabjerg,
F., 2019. Interconnected autonomous AC microgrids via back-to-back
converters—Part I: Small-signal modeling. IEEE Transactions on Power
Electronics, 35(5), pp.4728-4740.

v



Wo@.&db a,g&whe—d,kf LSL“(":"‘?"' @‘)’}J:L’J yray) e g;“"gsl’ [f'ﬂ

b ) e 4l

[45] Wei, C., Chen, Q., Liu, J., Yin, Z. and Luo, J., 2021. An overview of prescribed
performance control and its application to spacecraft attitude
system. Proceedings of the Institution of Mechanical Engineers, Part I: Journal
of Systems and Control Engineering, 235(4), pp.435-447.

[45] Bu, X., 2023. Prescribed performance control approaches, applications and
challenges: A comprehensive survey. Asian Journal of Control, 25(1), pp.241-
261.

[47] Hu, Y., Geng, Y., Wu, B. and Wang, D., 2020. Model-free prescribed
performance control for spacecraft attitude tracking. IEEE Transactions on
Control Systems Technology, 29(1), pp.165-179.

[48] Zhang, R., Xu, B. and Zhao, W., 2020. Finite-time prescribed performance
control of MEMS gyroscopes. Nonlinear Dynamics, 101, pp.2223-2234.

aA



Abstract:

Microgrids represent a new structure in power systems, characterized by the
presence of distributed generator (DG) sources. These systems have prompted
the reconfiguration of traditional power systems to accommodate the unique
capabilities of microgrids. One of the most significant features of microgrids
is their ability to operate in an islanded mode, which enables them to supply
the required energy during disturbances in the main grid. Power sharing is an
essential requirement for islanded microgrids, and it presents a substantial
challenge. Insufficient power sharing leads to unbalanced load sharing, which
can cause damage to both consumers and the grid during grid-connected
operation, as well as create voltage instability conditions. Appropriate power
sharing enhances microgrid performance and controllability during faults.
Achieving proper power sharing among DGs in a microgrid necessitates
suitable control schemes. In microgrids comprising multiple DGs, droop
control is a widely used technique for power sharing purposes. Droop control
maintains voltage and frequency at different values compared to reference
levels and distributes active and reactive power among DGs. While active
power is proportionally shared among DGs according to their rated power,
reactive power sharing is prone to errors due to differences between line
impedance and inverter output impedance. To achieve precise power sharing
using droop control in microgrids, it is crucial to compensate for these
impedance differences. The proposed control approach in this work is based
on the implementation of virtual dynamic loops as a modifying term for
effective power sharing. Employing virtual dynamic loops is a promising
strategy for improving the performance of conventional droop control
methods. The primary objective of this work is to utilize virtual dynamic loops
to achieve accurate active and reactive power sharing in microgrids. The
application of virtual dynamic loops reduces the dependency of droop control
on line impedance and inverter output impedance while preserving the
simplicity of the droop control structure. Furthermore, the straightforward
design of virtual dynamic loops enhances system reliability. In this work,
various types of virtual dynamic loops, such as virtual impedance loops and
virtual control loops, are employed to accomplish precise power sharing and
improve the performance of microgrids

Keywords: Microgrid, Islanded mode, Power sharing, Reactive power, Droop
control, Virtual dynamics
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